The goal was to assess an effect of diazinon [0,0-diethyl 0-(2-isopropyl-6-methylpyrimidin-4yl) phosphorothioate] on common carp (Cyprinus carpio L.). The effect was assessed based on results of acute toxicity tests and on a comparison of results of haematological examination of a control and an experimental group exposed to Basudin 600 EW pesticide preparation (active substance 600 g.l -1 of diazinon). The acute toxicity test lasting 96 h was performed semistatically on common carp juveniles. Examination of erythrocyte and leukocyte profile was performed on 15 control and 25 experimental specimens of one-to-two-year-old common carp after 96 h of exposure to Basudin 600 EW in concentration of 32.5 mg . l -1 . The 96hLC50 value of Basudin 600 EW for common carp juveniles was 26.7 mg . l -1 . The experimental group of one-to two-year-old common carp showed significantly lower values (p < 0.01) of erythrocyte count (RBC), haemoglobin content (Hb) and haematocrit (PCV) compared to the control group. Values of MCV, MCH and MCHC were comparable in both groups during the study. In contrary, there was a significant decrease in leukocyte count (Leuko) (p < 0.01), as well as in both the relative and absolute lymphocyte count (p < 0.01) and a significant increase in both the relative and absolute count of developmental forms of neutrophile granulocytes: myelocytes (p < 0.01) and metamyelocytes (p < 0.05) in the experimental group. Relative and absolute count of monocytes and both the band-and segmented neutrophile granulocytes was comparable in both groups during the study. The diazinon-based Basudin 600 EW pesticide preparation was classified among harmful substances for fish. Changes in values of both the erythrocyte and leukocyte profile after exposure to diazinon-based preparation may be refered to disruption of haematopoiesis as well as to a decrease on non-specific immunity of the fish.
Organophosphorous pesticides have fully replaced the persistant chlorinated pesticides in the 1970's and on the beginning of 1980's. The main advantage of the organophosphorous pesticides was their low cummulative ability and short-term persistance in the environment. Although the organophosphorous pesticides have been replacing by pyrethroid-based pesticides within the last 10-15 years, there is still a very intensive utilization of organophosphates. Organophosphorous pesticides are also utilized in fish culture (mainly those based on dichlorvos and trichlorfon) in order to suppress some parasitary diseases such as monogeneoses and arthropodoses (Noga 1995; Schlotfeldt and Alderman 1995; â í t e k et al. 1998; Navrátil et al. 2000) . Nevertheless, the pesticide preparations are considered harmful for fish in most cases .
Diazinon is a common active substance of organophosphorous pesticides (Roberts and Hutson 1998) . Scholz et al. (2000) reported that not all of its effects to fish organism are known, despite of its very intensive use. Although the aquatic environment is not the main target and the aquatic invertebrates are not the target organisms, presence of diazinon in water was reported and its negative effect to aquatic organisms is proven. The ELISA assay and a biological toxicity test on Ceriodaphnia dubia (Mansingh and Wilson 1995; Tsuda et al. 1996; B ailey et al. 2000; De-Vlaming et al. 2000) is used for monitoring of diazinon and of its metabolite diazoxon in water and in running water bottom sediments. Van-Der Geest et al. (1997) described an accidental pollution of Mense River (The Netherlands) with diazinon, as well as the negative consequences of this pollution, mainly the kill of aquatic invertebrates.
The mechanism of a toxic effect of diazinon is the same as of other organophosphorous substances. There is an inhibition of a whole series of enzymes and mainly of acetylcholinesterase (Goodman et al. 1979; Sastry and Sharma 1980; Ansari et al. 1987; Hamm et al. 1998) .
There are differences in the acute toxicity of diazinon for various fish species. The 96hLC50 values range in tenths to several tens of mg . l -1 (Seikai 1982; Hidaka et al. 1984; Keizer et al. 1991; O h et al. 1991; Keizer et al. 1993; Kikuchi et al. 1996; Giddings et al. 1996; Tsuda et al. 1997) . In European eel (Anguilla anguilla) the 96hLC50 values range even in hundredths of mg . l -1 (Sancho et al. 1992ab, 1993 . The different toxicity of diazinon may be demonstrated on the example of two fish species used for ecotoxicological assessment of chemical substances. The 96hLC50 value of diazinon for guppy (Poecilia reticulata) was found to be 0.8 mg . l -1 but for zebrafish (Brachydanio rerio) it was found to be 8 mg . l -1 (Keizer et al. 1991) . Oh et al. (1991) present three factors causing the selective toxicity of diazinon for various fish species: different inhibition of acetylcholinesterase, different detoxification and absorption.
Increased attention is recently paid to the assessment of toxic effect of diazinon to reproduction and embryolarval development of fish. Moore et Waring (1996) and Wall (2000) reported significantly reduced levels of the reproductive steroids in zebrafish (Danio rerio) and Atlantic salmon (Salmo salar) after sublethal doses of diazinon. Hatchability was observed to be 30 % and 50 % in eggs obtained from the mother fish exposed chronically to 2.6 mg . l -1 and 1.3 mg . l -1 for 30 days respectively (Iqbal et Mufti 1992) . A decreased hatchability of medaka (Oryzias latipes) exposed to diazinon was also reported (Hamm 2000) . Embryolarval toxicity assays with diazinon were performed on various fish species: the Japanese stripped knifejaw, Oplegnathus fasciatus (Seikai 1982) ; Japanese flounder, Paralichthys olivacens (Menendez et Ishimatsu 1993) ; rainbow trout, Oncorhynchus mykiss (Kikuchi et al. 1996) and medaka, Oryzias latipes (Hamm 2000) . Decreased total length of the larval body was a highly sensitive indicator of the diazinon effect in the course of embryolarval development.
Histopathological alterations after the exposure to diazinon in various fish species are described by several authors. Hamm et al. (1998) reported an increased occurrence of retinal cells necrosis in medaka. D u t t a et al. (1993) described the gill alterations in bluegill sunfish, Lepomis macrochirus (lifting of the epithelial layer, hyperplasia and necrosis, shortening of the lamellae and frequent epithelial rupture, lamellar fusion and mucous cells hypertrophy). The ultrastructural alterations in skeletal muscle of Tilapia nilotica after poisoning with diazinon were reported by Sakr et Garb (1992) . Finding of increased amount of macrophages in kidney and spleen of bluegill sunfish, Lepomis macrochirus after exposure to diazinon were reported by Dutta et al. (1997) . Sublethal concentrations of diazinon caused serious damage to gut wall in a freshwater teleost Channa punctatus (Anees 1976) .
The greatest attention to the problems of bioaccumulation and excretion of diazinon in freshwater fish was paid in early 1990's (Seguchi et Asaka 1981; Tsuda et al. 1989 Tsuda et al. , 1991 Tsuda et al. , 1995ab, 1997 Sancho et al. 1992ab, 1993 . Bioconcentration factor (BCF) of diazinon differs in various fish species. For example the BCF value in eel, Anguilla anguilla after 96 h exposure to 0.042 mg . l -1 concentration was 1850 in liver and 775 in muscle (Sancho et al. 1992a) . In contrary, the BCF value in common carp, Cyprinus carpio was 60 in liver and 21 in muscle (Gangolli 1999) .
Data on toxicity of pesticide preparations and its effects to non-target organisms are the basic ones for determination of ecotoxicological riscs of pesticides for the ecosystem. Fish are considered among the non-target aquatic organisms as well. The present paper contributes to the assessment of toxicity and of the effect of an organophosphorous diazinon based pesticide.
Materials and Methods
The goal was to assess an effect of diazinon [0,0-diethyl 0-(2-isopropyl-6-methylpyrimidin-4yl) phosphorothioate] on fish. It was tested in the form of Basudin 600 EW pesticide, the active substance of which is diazinon in amount of 600 g . l -1 . The toxic effect was assessed based on results of acute toxicity tests and on results of haematological examination of common carp after exposure to this pesticide.
The acute toxicity test on common carp with Basudin 600 EW followed the OECD Direction No. 203 and Methodical Manual ISO 7346/2. Juveniles of common carp (Cyprinus carpio L.) with 9.0 ± 2.32 g mean body weight and 67.2 ± 6.76 mm mean body length were used for the test. Seven various concentrations and a control were used in the basic test. Ten fish specimens were used for every concentration and also in control. Haematological examination of one-to-two-year-old common carp (Cyprinus carpio L.) was performed at the end of 96 h acute toxicity test with Basudin 600 EW in concentration of 32.5 mg . l -1 . At the same time, the control group of common carp was also examined haematologically. The test was performed semistatically with bath exchange every 24 h. Diluting water was of the same physical and chemical parameters as described above. Water temperature during the test ranged from 21.0 to 21.8 °C, oxygen saturation of water was above 60 % (ranging from 90 to 110 %), pH ranged from 7.65 to 7.82. The test was performed in 6 aquaria of 200 l volume. Each aquarium was stocked with 10 specimens of one-to two-year-old common carp (2 control aquaria, 4 aquaria with concentration of 32.5 mg . l -1 Basudin 600 EW).
Examination of erythrocyte and leukocyte profile was carried out on 15 control (body weight 249 ± 60.7 g) and on 25 experimental specimens (body weight 272 ± 49.7 g) after 96 h exposure to concentration of 32.5 mg . l -1 Basudin 600 EW.
Blood was sampled by cardiac punction and stabilized with 50 IU sodium heparin per 1 ml blood. We determined erythrocyte count (RBC), haematocrit (PCV), haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), leukocyte count (Leuko) and differential leukocyte count (Svobodová et al. 1991) . Results were processed statistically by means of the analysis of variance (ANOVA).
Results

Acute Toxicity
The LC50 a LC5 values of Basudin 600 EW for common carp juveniles in the respective time intervals are given in Fig. 1 . The 96hLC50 is basic value in the acute toxicity test. For common carp juveniles the 96hLC50 value was 26.7 mg . l -1 of Basudin 600 EW preparation which is 16.0 mg . l -1 of diazinon. A neural paralytic syndrom was typical for fish poisoned with diazinon. Strong restlessness started when fish came into contact with the poisoning bath. Fish excitation was reflected by an increased reaction to exogenous stimuli and by cramp movements of fins and mouth. Loss of movement coordination began, as well as loss of orientation in water. The fish turned on the flank and swam in half-circles. Reaction to excitation was manifested by sudden movements and fin tremor. Body surface darkening was noticeable in this phase of poisoning, mainly on the dorsal part. Weakening of jerks or areflexia, paralysis, arrhythmia and block of respiration movements began in the terminal phase of poisoning. The fish fell into agony and died in a short time.
Pathological and anatomical signs found in fish poisoned with diazinon were not specific. Body surface was opaque with slightly increased amount of mucus and with expressive pigmentation mainly on the dorsal part. No changes on the eye. Gills had straight edges, normal colour, slightly increased amount of mucus. In the body cavity there was an evident injection of internal organ vessels, mainly hyperaemia of hepatopancreas.
Haematological Profile
Results of erythrocyte profile of both the control and experimental common carp under study are given in Fig. 2 Table 2 Leukocyte differential count (G . l -1 ) in commn carp affected by acute exposure to Basudin 600 EW Marked effects are significant at p < 0.05 and p < 0.01.
Results of leukocyte profile of both groups under study are given in Figs. 2, 3 and in Table 2 . It was evident that the acute exposure to diazinon resulted in lower leukocyte count (p < 0.01), as well as both the relative and absolute lymphocyte count (p < 0.01). In contrary, 
there was an increase in both the relative and absolute count of developmental forms of neutrophile granulocytes [myelocytes (p < 0.01), metamyelocytes (p < 0.05)]. Differences in relative and absolute count of monocytes and/or band and segmented neutrophile granulocytes in neither of the groups under study were significant.
Discussion
In the course of 96 h toxicity test of diazinon-based organophosphorous preparation Basudin 600 EW on common carp juveniles, there was no kill of fish in the control aquarium. Oxygen saturation of water did not drop below 60% in any concentration tested, nor in the control group. Presence of the substance tested (above 80% of the nominal concentration) was provided by means of daily exchange of the testing bath. Fulfilling these conditions, the test may be considered valid. Based upon the registered 96hLC50 value (26.7 mg . l -1 ), Basudin 600 EW can be classified into the group of substances harmful for fish (risk sentence R52). This sentence reports the 96hLC50 values as 10 -100 mg . l -1 . The 96hLC50 value 26.7 mg . l -1 Basudin 600 EW refers to 16.0 mg . l -1 diazinon. This value was equal by order with the 96hLC50 value for Carassius auratus, where a 9.0 mg . l -1 diazinon concentration was reported by Eisler (1986) . Similarly, it was equal by order also with 8.0 mg . l -1 diazinon that was the 96hLC50 value for Brachydanio rerio (Keizer et al. 1991) . In contrary, the 96hLC50 (0.8 mg . l -1 diazinon) for cyprinodontid, Poecilia reticulata is by more than one order lower compared to that for common carp (Keizer et al. 1991) . Specific sensitivity of fish to diazinon may be associated with different ability of absorption, acetylcholinesterase inhibition and detoxification, as reported by O h et al. (1991) .
The main haematological response of common carp to the acute exposure to diazinonbased organophosphorous pesticide in 32.5 mg . l -1 concentration was a significant decrease (p < 0.01) of erythrocyte count, haematocrit value and haemoglobin content compared to the control group. Decreased erythrocyte count and haemoglobin content in freshwater fish Channa punctatus after acute exposure to diazinon was also reported by Anees (1978) . Other effective substances of organophosphorous pesticides also induce changes which give evidence for decreased haematopoiesis followed by anemia induction in fish. It regards e.g. changes in erythrocyte profile induced by acute effect of dichlorvos in Clarias batrachus (Benarji and Rajendranath 1990) , trichlorphon in Piaractus mesopotamicus (Tavares et al. 1999) , malathion in Cyprinion wabsoni (Khattak and Hafeez 1996) , formothion in Heteropneustes fossilis (Singh and Srivastava 1994) and of Ekolux organophosphorous preparation in Oreochromis mossambicus (Sampath et al. 1993) .
Another type of haematological response to the effect of organophosphorous compounds was a significant increment of mean corpuscular volume (MCV) associated with increment of haematocrit value and drop of MCHC. This response was registered in common carp after acute effect of phenitrothion, imidan and dichlorvos (Svobodová 1971 (Svobodová , 1975 . In contrary, values of MCV, MCH and MCHC registered after 96 h exposure to diazinon-based pesticide in 32.5 mg . l -1 concentration to common carp were comparable with the control group.
Significant decrease of leukocyte count and significant relative and absolute lymphopenia and granulocytosis characterize the leukocyte profile of common carp after the acute exposure to diazinon-based pesticide. Lymphopenia as a consequence of methylparathionbased pesticide was reported by Nath and Banerjee (1996) in Heteropneustes fossilis and also by Siwicki et al. (1990) in common carp after an acute effect of trichlorfon. Ghosh and Banerjee (1993) report lymphopenia and both neutrophile and eosinophile granulocytosis in Heteropneustes fossilis after an effect of dimethoate in 96hLC50 concentration. A decreased non-specific immunity in fish can be expected after acute exposure to organophosphorous pesticides due to decreased leukocyte count, lymphopenia and granulocytosis. Numerous authors report lymphopenia and granulocytosis after exposure to many pollutants (Wlasow 1985; Murad and Houston 1988; Schwaiger et al. 1993; Thakur and Sahai 1993, Alkahem 1994; Svobodová et al. 1996) . These changes in differential leukocyte count also give evidence for decreased level of nonspecific immunity in fish after acute exposure to toxic substances.
Vliv diazinonu na hematologické ukazatele kapra (Cyprinus carpio l.)
Cílem práce bylo zhodnotit úãinek diazinonu [0,0-diethyl 0-(2-isopropyl-6-methylpyrimidin-4yl) phosphorothioate] na kapra obecného (Cyprinus carpio L.). Úãinek byl posuzován na základû v˘sledkÛ testu akutní toxicity a na základû porovnání v˘sledkÛ hematologického vy‰etfiení kontrolní a pokusné skupiny vystavené pÛsobení pesticidního pfiípravku Basudin 600 EW (úãinná látka 600 g . l -1 diazinonu). Test akutní toxicity byl proveden semistatick˘m zpÛsobem po dobu 96 hod. na plÛdku kapra. Vy‰etfiení ãerveného a bílého krevního obrazu bylo provedeno u 15 kusÛ kontrolních K 1-2 a u 25 kusÛ K 1-2 po 96 hodinovém pÛsobení Basudinu 600 EW v koncentraci 32,5 mg . l -1 . Hodnota 96hLC50 Basudinu 600 EW pro plÛdek kapra byla 26,7 mg . l -1 . U pokusné skupiny kaprÛ K 1-2 byly zji‰tûny signifikantnû niÏ‰í hodnoty (p < 0,01) poãtu erytrocytÛ (RBC), obsahu hemoglobinu (Hb) a hematokritu (PCV) ve srovnání s kontrolní skupinou. Hodnoty MCV, MCH a MCHC byly u pokusné a kontrolní skupiny srovnatelné. Naproti tomu bylo zji‰tûno signifikantní sníÏení poãtu leukocytÛ (Leuko) (p < 0,01), relativního i absolutního poãtu lymfocytÛ (p < 0.01) a signifikantní zv˘‰ení relativního i absolutního poãtu v˘vojov˘ch forem neutrofilních granulocytÛ [myelocyty (p < 0,01), metamyelocyty (p < 0,05)] u pokusné skupiny ve srovnání s kontrolou. Relativní i absolutní poãet monocytÛ a neutrofilních granulocytÛ s tyãkovit˘m a segmentovan˘m jádrem byl u obou porovnávan˘ch skupin srovnateln˘. Pesticidní pfiípravek na bázi diazinonu Basudin 600 EW byl zafiazen mezi látky ‰kodlivé pro ryby. Na základû zmûn v hodnotách ãerveného a bílého krevního obrazu po pÛsobení pfiípravku na bázi diazinonu lze usuzovat na poruchu krvetvorby a na sníÏení nespecifické odolnosti ryb.
